Motivated by recent work on the critical resistivity of gadolinium, a detailed study has been made of the temperature dependence of the two-point vertex function in the large-momentum regime. The operator-project expansion is used to calculate the temperature dependence in uniaxial systems at their critical dimension. Explicit forms are presented for systems with short-range interactions and with dipolar interactions.
I. INTRODUCTION The two-point spin-spin correlation function is of fundamental ' Restricting our attention to ferromagnets, the predictions that (a) dp(T)/dT )0 and (b) dp(T)ldT is proportional to the heat capacity for T~T, have been confirmed at least qualitatively. In the particular case of nickel, a canonical example, even a reasonable determination of the heat-capacity exponent was obtained from resistivity data. However, there is a convict between theory and experiment in the case of gadolinium where the slope of c-axis resistivity above T, is negative even very close to T, . The predictions of a positive slope at T, and the expansion form of the short-distance correlation functions have been studied based on the assumption that the interactions between spin are isotropic and of short range.
However, it has been pointed out that long-range magnetic dipole interactions should become observable in an experimentally accessible range near T, in the case of Gd. These dipolar interactions cause a crossover as the temperature is reduced in the paramagnetic region from an isotropic Heisenberg Ruderman-Kittel-Kasuya-Yosida (RKKY) regime to an isotropic dipolar regime with a crossover temperature approximately 6.3 K above T, .
As the temperature is reduced further, there is a second anisotropic crossover temperature approximately 0. '(q, -q;0, 0;t, g, K) . (8) The operator-product expansion (see Appendix A) determines the leading behavior of I' ' ' as
where the temperature independent C(q) is a Wilson coefficient of the operator-product expansion. Substituting Eq. (9) in the renormalization-group equation of I'~~' and using Eq. (1) for I' ', C(q) is seen to satisfy the par-
The partial differential equations for C(q) and I' ' '(t) can be solved and results used in Eq. (8) I' "(q, -q;0;t, g, K)=C(q)r' '(0;t, g, K)+F(q, t, g, K}, which defines F(q, t, g, K). Taking the t derivative of F = I'2"-C (q) I'0'2' and then using the operatorproduct expansion, I' is seen to be independent of t in the large-q regime. Then substituting Eq. (11) (q, q-;O;t, g, K) . (7) In order to evaluate the temperature-dependent correction terms, we have to study the leading critical behavior of I' '". Its renormalization-group equation is Br' ' '(q;;q, ';t g, K) This will be illustrated in detail for I'~'(t). Introducing an arbitrary parameter A, , its renormalization-group equation becomes -28 r""(;o, o;t(x),g(z), K(A, )) =B(g(A, )), (13) where the characteristic equations are F(q):
C(q)= 
Using these results in Eq. (11}yields
M -4 Substituting this solution into the equation of I'-' and using the method of characteristic equations, we find
Since the two-point vertex function I' ' has a finite limit as t~0, the first term on the right-hand side of Eq. (23) holds. We use a simplified Gaussian propagator in a graphical perturbation expansion r""(q,t) = C(q)r""(t), r""(q,t) =c(q)r""(t)+F(q) . We now consider the implications of these results for the "anomalous" c-axis resistivity of Gd. The slope of the contribution to the c-axis resistivity due to electrons scattering from spin fluctuations can be isolated from the total resistivity and is found experimentally to be negative in the paramagnetic state at least down to a reduced temperature of t =10 . Although the uniaxial dipolar character of spin fluctuations does have a profound e6'ect on G"(q, T), the results of this work show that the observed c-axis resistivity cannot be explained solely in terms of critical fluctuations of the (primary) order parameter, assuming that the conventional theory of quasielastic transport properties near magnetic critical points is indeed correct.
We suggest that the resolution of this anomalous behavior requires a consideration of the secondary degrees of freedom, S =(S",S~), which also enter the resistivity via the total electron-scattering cross section. Of course, For systems with short-range interactions, we consider a model with the standard bare Hamiltonian:
where y is an M-component field. The corresponding renormalized theory is generated by a standard procedure. ' Following Wilson's operator-product expansion arguments, the renormalized vertex function I' ' ' with exceptional momenta is expanded Finally, we should emphasize that although the primary motivation for this work was given by the unusual electronic transport properties of Gd, the implications of our results are not limited to that specific case. As mentioned in the Introduction, the spin-spin correlation function also enters the scattering cross section for neutrons. Using appropriate energy analysis, polarized neutrons and isotopically enriched samples as required, Gzz(q, T) is directly observable, in principle, over a wide range of q in the qg»1 regime for T sufficiently close to T, . The study by neutron scattering of Gzz(q, T) in the largewave-number regime would provide an important experimental test of the detailed renormalization-group predictions given in this work. This experimental study would be of interest not only for Gd but also for other uniaxial dipolar ferromagnets, including LiTbF4.
is relatively weak, it still may be strong enough to compete with the weak (large qg) temperature dependence of G "(q, T). The calculations are rather complex due to explicit anisotropy factors in the renormalization-group equations (see, for example, Amit and Goldschmidt and Goldschmidt ' ') and results will be given subsequently. 
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A detailed examination of these graphs is required. In particular, r ( The other integrals may be evaluated in a similar manner (Fujiki ) . In particular, the integrals D2 and D3 appearing in Appendix A are now replaced by D2= f d"k [G(kb, k"t)] I(qb+kb, q, +k" t) .
It is seen that the integration over k is dominated by the small-k behavior at t=O. Therefore 
